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TECHNICAL MEMORANDUM 1198

INVESTIGATIONS ON THE STABILITY, OSCILLATION, AND STRESS
CONDITIONS OF AIRPLANES WITH TAB CONTROL
SECOND PARTIAL REPORT — APPLICATION OF THE SOLUTIONS OBTAINED
IN THE FIRST PARTIAL REPORT TO TAB-CONTROLLED ATRPLANES®

By B. Fillzek

ABSTRACT: The first partlal report, FB 2000, contained a discussion of
the derivation of the equations of motion and thelr solutions
for a tgb—controlled airplane; the resulbts obbalned there are
now to be applled to the longitudinal motion of tab~controlled
alrplanes,

In vliew of the abundsnce of structural factors and aerodynamic
paremeters, a genersl discussion of the problems is unfeasible.
Thus it 1s demonstrated on the basis of exasmples what stabillty,
oscillatlon, and stress conditions are to be expected for
tab—comtrolled airyplanes.

QUZLINE: I, INTRODUCTION
IT, SYMBOIS
IIT, PRESUPPOSITIONS

Iv. APPLICATION OF THE SOLUTIONS OBTATNED IN FB 2000 TO TAB-—
CONTROLLED ATRPTANES

1, Staebllity and Frequency Behavior
a. Varighle maein control surface damping
b, Varisble masses of control surfaces for equsal
contour
a. Main control surface constent, tab variable
Be. Maln conbrol surface variable, tab constant

*"Untersuchungen uber die Stebilitdts—, Schwingungs— und Beanspruchungs—
verhaltnisse von Flugzeugen mit HilPsrudersteuerung., 2. Tellbericht.
Anwendung der im 1, Tellbericht gewonmenen Idsungen auf hilfsruder—
gesteuerte Flugzeuge." Zentrale fir wissenschaftliches Berichtswesen der
Luftfahrtforschung (ZWB) Forschungsbericht Nr. 2000/2, November 15, 19Lk,
This translstion is the second partiael report (2. Teilbericht) of an
investigation made up of two parts, the first part, FB 2000, 1. Teilbericht
of which 1s NACA TM 1197.
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2, Sterting Phenamene for Instanteneous and Time-Dependent
Sudden Tab Deflection
e, Control dlsplacement
b. Control restoration
3. Wing and Harizontal Tail Stresses
4, Amplitude and Phase Displacement Functions

V. APPROXIMATION METHOD FCOR DETERMINATION OF THE WING AND
HORIZONTATL TATL STRESSES

VI, SUMMARY

VIT. REFERENCES
I. INTRODUCTION

The mathemabtical relations obtained in FB 2000 now offer the
expedlents to determine and evaluate the phenomens of motlon to be
expected for tab conbrols, Aside from stability discussions speclal
attention will be pald to the sterting phenomens in "control displacement”
and "control restorestion” with the resulting-stresses.

For these investigatlions the alrplane 1z regarded as & rigid body.
This presupposition 1s only conditionally fulfilled. Periocdic exci-
tations of the tabs due to form varlations caused by external forces, for
instance engine vibrations or guets,, are imaginable which cen exclude
flying with "free control surfece" and must, therefore, be investigated
geparately.

For the determinatlion of the system constants [17]1 one will use
tumel results for the aerocdynamic coefficilents of the wing and horizontal
oC, oC
tail S—E 3 MF, etc. Asg far as such results do not exist, one will in
o Od
designing an elrplaene have to go back to the theory.2

If the form of one parameter (l)alTl is selected for the main con—

trol surface damping, it 1s supposed to take the damping due to air forces
into consideration as well as eventual additional mechanical damping.

1Tt is noted that the numbering of the formulaes asnd figures is con—
tinued conforming to the first partial report and that data in brackets
refers to it.

2Bibliography, (5) and (9).
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IT. SYMBOIS

The symbols used correspond to the Germsn standards DIN L 100 second

edition, July 1939; moreover the followlng designabions are selected
(ses also rig. [1]):

m

™
m,
m,
S

Sy

mass of the entire airplane

partial mass fuselage without conbtrol surfaces and tebs
partial mags control surfaces without tabs

partial mass tabs

center of gravity of the whole system

center of gravity of the partial masses my
center of gravlity of the partlal masses m,

center of gravity of the partiasl masses m3

distance of the center of gravity of the partial mass my
from the center of gravity of the whole system

distance of the center of gravity of the partial mass
from the center of rotation of the main control surface

distance of the center of gravity of the partial mass m3
from the center of rotation of the tab

moment of inertia of the entlre airplane about y—exls

moment of inertlae of the partiasl mass m, about y—exis through S

moment of inertia of the partial mass LN about 82

moment of inertia of the partial mass g aboutb 83

monent of inertis of the elevator about axls of rotation of the
main control surface
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FHh moment of Ilnertla of tab about axls of rotetion of tab

T deflection of the tab

Ahmax deflectlion of the tab required for sttalning the safe multiple
of loed

(5 chord of the elevator + tab

o chord of the teb

Cup coefficlent of the alr force moment of the sirpleme wlthout
‘horizontal tall referred to center of gravity of the
alrplane

Cpnm coefficlent of the normal force of the horizontal tall

QMH _ coefficlent of the horlzontal tall moment referred to the axis

through the aerodynsmic center of the horilzontal tall
perallel to the y—axis

Crm coefficient of the elevator moment referred to the axis of
rotation of the main conbrol surface

CpHh coefficient of the tab moment referred to the axis of rotation
' of the tab

oy angle of attack at the location of the horizontal tail

ag mean dynamic pressure at the location of the horizontal tail
Vg mean veloclty at the location of the horizontal tall

A mean downwash angle at the locatlion of the horizontal taill

5y ratio of the air force damping of the entire sirplane with

respect to lateral axis to the alr force damping of the
horizontal taill

If similar symbols appear in the individual paragraphs (for instance
A = angle—of—attack increment, AM; = moment increment, A = downwash
angle, Ay = determinant, A¥.= Routh's discriminant), they are dis—
tinguished by Indlces and thelr significance follows from the respective
connection.
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IIT, FRESUPPOSITIONS

In order to clrcumscribe the range of valldlty of thils report the
necessaxry presupposltions shall be mentlioned 1n advence once more.

l. Unsteady alr force influences are not ta_.kez;_ into account.

2, Flight motions are possible only in the nggpla.ne.

3. Method of smsll oscillatioms,

4, Fully compensated control surfaces, that is, the centers of
gravity lle on the axes of rotation of the control swrfaces.

50 Omission of the mass couplings and horizontal tall surface forces
in the force equations.

6. Omission of the mass couplings and of the force couple at the
horizombal teil at Cgg = O (zero moment) in the equation of

moments about the latersal axis,

T. The veloclty along the flight path v for the phenomenon under
consideration l1s assumed to be constant.

8. Air forces and moments are assumed to be linear functions of
thelr varisbles.

9. The steady state sbout which the mystem oscillstes is assumed to
be horizontal flight,

g
10, The dynamic pressure ratio -EH and. the downwash factor %
lo

are regarded as constant during the flight motlons,

11, The airplane framework 1s regarded as a rigld body.

Iv, APPLICATION OF THE SOIUTIONS OBTAINED IN FB 2000
TO TAB~-CONTROLLED AJRPLANES
1. Stability and Frequency Behsavior,

With regard to flight safety one will always have to stipulate a
minimm measure of stebllity.
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The necessary and sufficlent condltlon for a stable system of motion
is the requirement that the real roots and the real parts of the complex
roots of the characteristic equation D(p) = O [53] are negative®, that is,

R(p,) <O (70)

If it 1s merely a matter of determining whether the system is stable or
unstable and no date on the magnitude of these quarsitles are required,
the conditions? are sufficlent that all coefficients of the characteristic

equation D(p) = O [53;_] end Routh's discriminant® are positive., Thus the
conditions have to be sablsfled

a,u>0
8.31 0

A* = a__l_za.eza,3 >0
ana.l

(70e)

This formulation (70a) of the stebility conditions is very useful
for the designing of alrplames. It permits etability limits to be
Indlcated and the influence of structural and asesrodynamic quanti—
tles to be varied so that stablility is gueranteed.

With the conditions (70) and (70a), respectively, teken as basls it
1s customary to speak of dynsmic stability, whereas one regards as msasure

for the static stability the condition that the coefficient a, of the
characteristic equation D(p) = 0 [53] is positive,
or '

a, >0 . (70Db)

From the formulation of (70a) follows thet for ensuring of the dynamic
stability the existence of atatic stabllity is required but not sufficlent.,

Even though the definltion of static stebllity may be useful for
dynemic systems with one degree of freedom it is shown by what was said
above that the importance of the static stability 1essens for dynamic
gystems wilth several degrees of freedom.

SBibliography (7)
"‘Bibliography (7
SBibliography (1), (2), (T)
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However, if it is a matter of investlgabting starting phencmens, it is
elways necessary, in order to obteln the solutlons found in ¥B 2000, to
kmow the roots P, of the cheracteristic equation D(p) = 0 [53], How—

ever, in that case ome will go back to the definition (70) and be able to
discuss stgbllity as well as frequency condltions for the parasmeters which
appear to have the greatest Influence on the various problems stated. If
one chooses, therefore, the method of solving equabtlons of the fourth degree
and plots real as well as imaginary part of the roots p, as functlons of

these parsmeters, one galns a rather good over-ell view,
8. Varisble main control surface damping.

Figure 7 shows the conditions for an alrplane$(F17) for full per—
missible load and varisble main control surface demping.

Since the resal parts are R(pu) < 0 +the system is always sbable.
With increasing copmbrol surface damping the frequency o decreases in a

form similar to a parabola until 1t becomes zero for the aperiodic case.
Shortly ehead of 1t lies the position of resonance, that is, the angular

frequenciles @y and @, are equal. It may be mentioned at this point

that, due to the strong control surface damping, this position is of no
particular signiflcance. The frequency ®y and damping consbant Ko

show In this inberval only slight variations,

The fact should be emphasized that a conbrol surface dsmping occurs
also when (1) a1q = 0 which can be traced back to the coupling term

(1) a8y a? in [17a].

However, an airplene must be airworthy for any permissible load.
The results of calculation for the empty airplane are given in figure 8.
Here, too, R(pu) < 0 and therewlth the stability of the system is ensured.

oy and. Kq show a slmilar course as In figure 7T; however, 1t 1s conspicuous

that no Wy but instead two, kK, are present and permit a conclusion as

to a dynamic stablllbty increasing wlth decreasing flying welght.

b. Variable masses of control surfaces for equal contour.

Tf one visualizes once more the third equation of [6c]

[:FB':L' + vy (g, — thjs + Py 1 = My
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the luence of the coupling term due to the mass of the tab
m3rH zHr - th) will Justiflebly be questioned; the following two cases

wlll be Investlgeted:
d. The main control surface remains unvarled while
the mass of the tab is varied,

With Steiner's theorem taken into account, the egquation

is valid, FE:E’r signifying the moment of inertis of the mass m, abput

the axis of rotatlion of the main ocontrol surface, Fy, +the moment of
inertis of the mass my about the axis of robation of the tab.

If ('Tl) is introduced into the coefficient of 3, there results, 1f
one puts In first approximation Fg, =0

FHI' + 7\-11D.31‘H(7'Er - Zm) = FEHI‘ + xlm3(7,Hr - Zm)(!‘ﬁ + ZE‘I‘ - ZB:D.) (72)
Figure 9 shows the camponents of the roots Py of the characterigtic
equation D{(p) =0 [53:] for an alrplene type (Fip).

B. The teb remains constant while the moment of inertia
of the main conbtrol surface ls variled.

For this essumption the expression
2.
FHI‘ = A'ZFQHI‘ + m3(ZHr —_ th.) -+ FBII. (73)

is proper, and 1t follows with Fp), = O

Fay + 29u(lEy — JEn) = MFomr + g (g - lm)(E + M~ Um) (%)
Figure 10 illustrates the result.

In both cases the R(p,) remain less than zero so that the stability

of the system is not endangered. It 1is noteworthy that, whereas the
frequencies @ and. W, decrease with the incresse of the moment of
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inertia of the main co::rtro]_. surface Fom, (fig. 10), with increasing
mass m3 of the teb, an increase of the frequency o takes place (fig. 9).

2, Btarting Phenomena for Instantaneous and Time—Dependent Tab Control.

The results obteined in the previcus paragraph do not yet procure an
insight into the kinetlc phenomena of & tab-conbrolled airplsne. A
general dlscussion of the solutlions derived in ¥FB 2000 1s not feasible
with the mathematical commections being no longer quite simple., Thus
glready the determination of “the maxims of the main control surface
deflection An and of the angle of atback Aay - Trequires the solution

of transcendental equstions., If a numericel expenditure is necessary any—
‘way, it seems best to forego the determination of selected points of the
course of motion and to represent the eéntlre phenomenon of motilon as a
function of time, Thus one obtaing the possibility of comparing not only
individual points, but entire sudden—deflectlon phencmena.

a. Control displacement,

In flight practice control—displacement motions, for instance in
landing or in "zooming in fromt of an obstacle", are of particular
Importance when cabtastrophes are to be avoided. Thus the designer will
endeavor to develop the control effectiveness of the control surfaces in
such a mammer that losses are excluded in case of purposeful control
maneuvering. First, once the conditlons for direct activation of the
control orgsns are clarified, one must not overlock what effectiveness is
to be expected and abbtainable for indirect tab control. Figure 11 shows a
comparison of the followlng deflection phencmena of the control surfaces:

1. Instentaneous deflection of the tabs.

2, Tab deflection as linear time function.

3. Instantaneous deflectlon of the main conbtrol surfaces.
4, Main—control—gurface deflection as linear time function.

For the latter two phenomena one must visuallize the auxillary control
surface as blocked. Thereby appears, In comparison with Indirect sudden
deflection, a larger C aH-‘Varia'bion at the horizontael tall so that a

smaller deflection of the maln control surface An 1s sufficlent for

obtalning an equal variatlion in angle of attack &, If ome analyzes, ab
firgt, the flrst two deflectlon phencmena (fig. 11) it is consplicuous that

in spite of the small main control surface dampling selected (l)al.q = 0,15

(cf. fig. T) the control surface oscillation 1s damped very repidly. In
the variation of the angle of abttack an osclllation is hardly recognizsable.
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For time—dependent tab deflection the time required for the deflection

of the tabs T4 p.» Wwith the relation T4 .y = tqumax was fixed so
that for the highest fllght dynamlc pressure g the teb agsumes the

deflection required for attainment of the safe multiple of load in
about © g = 0.1 second. As a consequence, longer and longer periods of

time required for deflectlion ts correspond, with decreasing dynamic

pressure, to equal T If, however, one makes the requirement that

s max® )
for instance for the lowest dynamlc pressure Loin the deflection time

also should be % g = 0.1 mecond there follows from the relation

lim 7, = lim  \[Gmp tg = O
Amin —> © Upin ™ O

that with decreasing dynamlc pressure the deflectlon phenomenon approaches
the case of instanbaneous tab deflection.

" As figure 11 shows, the Aw—curves for both phenomens differ even
for Tq practically only by a parallel dlgplacement of A'r3, and 1t

remeins to be Investigated what effects are caused thereby.

First, the deflection phenomena for direct main control surface
activation will be dilscussed., Obviously lnstantaneous main conbtrol
surface deflection represents the upper limit of what may be attained and
1s illustrated by the fullest Aac—curve (3 in fig. 11). TFor lineer main
control surface deflection the deflection veloclty was selected so as to
be equal to the meximm deflectlon velocity due to instanbeneous tab
activation. Whereas the two Ao~curves show for direct masin control
surface deflection Immedistely positive lncrements, the Ac—curves become
for tab activation, due to the C pg—decrease at the horizontal tail by

the teb deflection which corresponds to a control reversal, at first nega—-
tlve and then elso positive.

The displacements wlith time of the individual Acw—curves could be
visualized also as brought about by control displacemesnt with conbrol
gurfaces of different effectiveness. As measure of the control effective—
ness one mey regard the time required to exceed a difference in

altitude Zg - Zgo = AZg yet to be fixed,
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To this the following deliberatlons:

From the relation [13]

g._—= —s\" Aaft)

or with the independent varisble T = \ﬁ_o t

dy _dy dr _ Ca F AMpmex
——— T e  w— T Am
a ~ ar at o & 2o (T)Anhmax
follows
aC 1
AA7 =aa§8\£ A_LL a (75)
Tymax O Nrmax

With the assumptlons of small veriations and v = const. = v, tThe third
equetion of the relations comnecting the veriables [5]

Z
g
tB.Il Y = ==
*g
may also be written
Z
Ay = %
or, teking the substitution T = q, t I1nto account,
az az
8 ___gdr _
Tt I at - Mo

or
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respectively. Then one obtains

A, T
8 \[2 [ 4B Lo
An P L On

or, because of (75),

. - t
AZ, -oC . .
gt ctlg | a | oAb g (76)
Tmexr O Thmex
o o
The changes in altitude compared to an initial flight altitude Zgo which

can be atbteined with the aild of the double integration (76) are represented
in figure 12, From the condition that all Aa approach, for different
deflectlon phenomens, an equel limiting velue follows thab the curves

for T > 70 (cf. also fig. 11) are displaced perallel to each other. How—
ever, the deviation from parellelism 1s insignificant also for T < TO.

If one regards the time Tnh bimemd, for tlme—dependent tab
eD.

deflection which 1s required for attaimment of a certaln difference in
altitude AZg, a8 measure of reference, the galn in control effectiveness

due to the other possibllities of deflection may be expressed by the
relation

AT.
W v (77)

v -
Tnh time—dep.

plotted in figure 13. One recognizes that the Increasse in conbrol
effectiveness 1s rather considereble for small T; 1t decreases, however,
the more the longer one succeeds in keeping the angle—of-etbtack vari-
etion Aa constent (ef. fig. 11).

In flight practice, however, only that times will have to be especlally
considered where Acx atbailns the maximum, that is In this exemple
50 <7< 60; from figure 13 cen be seen that then the increase in control
effectiveness as compared to time—dependent tab deflectlon does not exceed
the limits ‘

L 4 for instentaneous tab deflection
12.5 % for time—dependent main control surface deflection
20 ¢ for instanbaneous main -control surface deflection
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These explanasbions show that the assumed deflection velocity of the
tab has an insignificant Influence on the course of motion. Thus 1t does
not imply an essential restrictlon if the further investigations are based
on instantaneous tab deflection.

b . Control restoratlion.

In order to end the control displacement or, respectively, to avold
unintended flight positions duwe to phenomena of flow separation the pilot
will try to restore the alrplane to normal position by opposite combtrol
megsures.

Since at the moment ™ of the control restoration the end values of
the control displacement Aa.(-rN) R o' (-rN) 5 On (TN) and 7'(Ty) denote the
initial conditions of the conbtrol restoration, it is clear that the ana—
lybical description of the phenomenon becomes rather camplex.

If one interprets, on the other hend, the control restoration as
superposition of the two deflection phenomena (fig. 14)

Any = o, (1) for 0ST<w
and
0 for OSr<Ty (
A, =
A0y (T = ) for T T <o (78)

S

one obtains the corresponding solutions in the simplest manner by graphical
subtraction without determination of the 1nitlal conditlons.

The solutions for Aa and Arn thus obtalned are compiled in
figures 15 to 17 for the times of control restoration Ty = 60, 30, 15, 10
end allow insight Into the kinetic phenomens,

3. Wing and horizontal tall stresses.

With respect to the structural aspects, the designer is interested,
apart from the flight-mechanical properties, in the resultant stresses.

The stresses in the wing unit caused by control displacement are
glven with the relatlon

dCq,
G = BE—qOF(ao + Aa)
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Since for the steady horizontal flight

G = g—z—a-"q_oFcLo

is valid, there follows for the additional multiple of load duwe to the
varlation in angle of aktack

An _acaE Ja%s)
1A, T GOy

(79)

Thus the additional multiple of load referred to the dynemic pressure and
the tab deflectlon 1ls dlrectly proportional to the functlons of the
Aa—coordinate represented in figures 15 to 17; the scale has to be multi—

plied by the factor o0& I,
oa G

For the proportioning of fuselage and horizontal tall the horizontal
tail load PH 1s to be regarded as decleilve.

The second equation of [6c] reads, if [8] and [15] are teken into
consideration,

. &m‘ ac
= — ¢ —nH - THA . TH a5
Fb = <2 qr1 A <1 G)Aa, +E Lo gl GH{I

If one transforms thls condition of moment equilibrium sbout the
center of gravity of the alrplane so that the moment of the horizontal
tall load balances all other moments

ac e T ¢ ac
SCnm _ §.é> TH 94 T OCpE ni L
%:Baﬂ l:( S ha + 1 oa a + = 19\] + Sn An o+ anh any 7 aFpry 1

APpry

oCy ocC ag .
Do T s (% ) Ty 0 - Ty

J
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there follows for the Increment (referred to the dynamlc pressure end the
tab deflection) of the horizontal tail load as compared to the steady
horizontel flight, with [16] teken into conslderation, the expression

AP
i =h £ + hy

~ "o
Hq' AT]hm:azur. Anhma.;:

A .
= +h, =20 . h3 T (80)
AT']:nn.a.x )

A'qhma}z; AT]]mma.:c

with the coefficlents

>
a
hy = .EEE (80a)
- i
by S, & )

The determination of the horizontal tall load 1s once more performed most
practically in grephical msnner and 1s ascerteined in figures 18 to 21 for
the four types of control motlon mentioned in section IV, 2a.

If one compares the occurring maximm horizonbtal tall loads APH]_-’
then the deflection phencmena Amp jngtentenecus’ “Mh time—dep.s =%
Ja%)| time—dep. show about equal values whereas about 50 percent higher

values are found for the assumption of ingtanteneous msln control surface
deflection,

With the ald of these figures, 18 to 21, it is possible to give
Immediately the varlation of the horizontal tail loads in control resto—
retion by applying the rule (78) at the times TN and. superposing the

solutions es was done in figures 22 to 25 for Aa and Ay,
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In control restoration as In conbrol dlsplacement it is, 1n view of
the structural aspects, not so much the varlation with time that is of
interest as the maxima A'E‘:E[2 of the horizontal tall loads for conbrol

restoration. Here also 1t proves advantageous to represent control dis—
placement and restoretion by two independent kinetic processes: If one
viguallzes the control restoration continuously at each time T = Tys ORe

obtains the envelope of all peak values APH2 by subtracting the pesak
value APHl from the variation of curve representing the control dis—

placement., These curves are drawn in dashed lines In flgures 22 to 25;
they meke the determination of the absolube maxlmum possible which then
forms the basis for the stress calculaetlions. It ls emphasized that the
maximm for Ilnstantaneous maln control surface deflection is for the

value A]?:E:2 as well sbout 50 percent higher than for the other deflection

phenomens which glso differ only slightly.
4, Amplitude and Phase Displacement Functions.

At the end of this paragraph the samplitude and phase dlsplacement
functions obtained according to [64], which are represented in figures 26
to 29, will be discussed.

From the expression

Ay () = Ay oo o177

it follows that Q= 0 ig ldentlcal with instantsneous tab deflection.

Thus amplitude functions with O —> 0 must tend toward the limiting value
0 (0)

lim po. . 22(0) ar 1im & _ 21

T— w by, D(0) T—>wby . D(0)

respectively.

If 0 increases indefinitely one cen see from [6la] and [63a | that
the curves converge towards zero, because the order of the nmumerstor is
smaller than that of the denominator.

In the nelghbourhood. of the normal frequency of the main control

surface wn the curves Vl, V, show for smell demping parameters (l)aln

digtlnct maxims, For Vl a wegk maximm for (1) 5111 = 0 glso is recog—
nizable in the neilghbourhood of the normal frequency of the alrplsne w ,

o
with @y end @, defined according to (82a) and (91a), respectively. -
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The reason for the V’l—curve for (1) 81"1 = 0 remalning limited is
the aforementioned fact that the main control surface is always damped
due to the coupling term (l)ama.' (cf. figs. T and 8).

According to experlences so far, one will probably have to expect in
flying practlce, due to air forces, for the values (1) a1y the order of

megnitude 0.3 < (1)a1n < 0.5, %he amplitude curves then show thab
additional dampings do not become necessary.

Oscillations in the variation* of the angle of attack will no longer
be measureble for O > 0.6 although the An—coordinate still shows

vy
amplitudes of ——— = 0.25.
A"lhmamc
The phase displacement curves shown in Pfigures 28 and 29 express that
for Q—> 0 +gb and airplane oscillabion are in phase whereas tab and
main control surface osclllation, due to aerodynamic coupling, are out of
phase.

In the neighbourhood of the normal fregquency of the main control
surface the maln control surface oscillabion is lagging by aboub 3n:/2
campared to the tab oscillation, whereas the airplane oscillation is almost

out of phass.

With Q -2 « tgb, main—control-surface, and alrplane oscillation
are displaced by 2n, that 1s, they are in phase.

Small demping paremeters (1) 81y in the neighbourhood of the normal
frequency of the main control surface wn atbtract attention by large

phase increase.

In order to cobbtaln a survey of the ?ermanen'b sbtate for periodic exci-—
tation of the tab, figure 30 shows for l)aln = 0,15 and Q = 0.2, bthat

is, for an excltatlon in the neighbourhood of the normal frequency of the
main control surface W ‘the _Anh—, An—, ANo— and APg—varlation against

time.

*¥Pranslator's note: Literally "motion"
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It must be stressed that the horizontal tall loads exceed the values
for Ingtantaneous main control surface deflection. Since, however, for

the paramster (1) a1y values between 0.3 and 0.5 are to be expected, the

horizontal tail loasds are reduced to sbout ome half, Even if these reduced
loads do not exceed the values due to control displacement or restoration,
1t will still be advissble to avoid periodic excitabions because of
fatigue,

V. APPROXIMATION METHOD FOR THE DETERMINATION COF THE WING

AND HORIZONTAT. TATT, STRESSES

For preliminary calculatlon of wing and horizontal tall gtresses in
airplane designing a calculatlon method will be desirable which is as far
ag posslble simpier than that permitted by the exact solution with consider—
ation of the two degrees of freedom Aa and An,

A comparison of figures 22, 23 and 25 ghows that the maximum hori-—
zontal teil stress for instantaneous and time—dependent tab deflection
differs only slightly from the value whilich results when the main control
surface is deflected with according deflection veloclty and amplitude.
The deflection velocity should be chosen so as to be equal to the maximum
main control surface deflection velocity due to teb deflection, whereas
the amplitude is to be fixed so that an equal maximum multiple of load
and thus equal wing stress sre produced.

Figures 16 and 17 show that, up to the timse Tp, ©f maximum deflec-—

tion veloclity of the maln control surface, the acoordinate will exert
1ittle Influence on the course of motion of An. It will then be Justified
to put for the determination of the maximum deflection veloclty of the
main control surface 1n first approximation

Ly =a =a't =0
from -'bhe first equation of [17a] one obtains
ntt o+ (l)alnnv + (O)aln n = 0y Any (81)
Eg‘he optimm maln control surface deflectlon velocity is obviously attalned
or

A'qh = const. = Ay
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With this expression one obtains as solution of (81)

C K

An - L 1 4+4-0 gin w.T — cos o.T be M (82)
A 0] n 1
Tmax ( )aln “n
-
with
(Day )
K = — ———i
] 2
& (82a)
(Da. \ 2
o =\[(Qa _ (10}
n 1 2
Then the deflection velocity beccmes -
1 Cq Ryt |
A o Mgtne 8
Anhmax a)n b ()
and the second derivative
. ;
T - __J; [ K.qT
A_l—x , Koeln onT + @y cos wpT e (84)

The deflection velocity reaches its maximm when n'?! = O, that is, when
the condition

nnsin m’le + wn C08 mn'rm =0

1s satisfied, and there follows for

m

T =c-g;a.rc tan(—%) (85)



20 " NACA TM 1198

(85) substituted in (83) yields for the maximm deflection veloci'by the
relation

ﬁl arc tan [ — ﬁ)
(Dn Rn 6
<A e (86)

g max
a.l.n

For preliminsry calculations the main control surface varlstion will
be idealized in such a menner that 1t Increases linearily with (86) up to
8 maximum deflection An,,. end then remains constant (fig. 31). With

this deflection phenomenon as a disturbance function the equabion of
motion of the ar~coordinate from the second equation of []_."(e] obtalns with
Anh 0 the form

att + Doy ar + (0g, Ag =-(0)a2n An(r) | (87)

For T—> o +the variastion of the angle of attack Acx approaches the
limiting value

1im - en
T A= m;%ax | (8)

In order to satlsfy the requirement that an equal multiple of loed An

be obtained for the spproximstion method, the condition must be fulfilled
that for both calculation methods Aa tends toward the same limiting
velue,

If one assvmes, therefore, in Ej2:| and ]:69] respectively, that
T —> w, Ghere follows

(0) _
8o £,(0)
- zo) AT]Itla.'x: = D(0) AT]hm.a.'x:
82,
or
ey 25(0)
ez = 7 7oy, (o) e (69
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However, on the other hand

Anms.x = (q')m'rl (892)
so that T; becames, because of (86),
_rq _on
O [T B wm(R)
(0)g,  D(0) Cy |

If one interprets the main control surface variatlon represented in
figure 31 as superposition of the two deflectlon phenamens

an(T) = (n')mx'r for 0S T <™
and
0 ' for 08 T7<T
An(T) =
— (") ey ( T~ 1) for T3 ¥ T <

there results as solution of (87) the relation

A (O)aeA 1 d.sin o, T + 4 T
=_z.6):2_;l Nex "'{os QT + lcosa)m'r}e

or, taking (89) into account and after division by An X

0
. Az( ) [l + {dosin @yT + @7 cos u)a:r} eu“T] (91)

Appay  2(0)
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with
0
AE(O) =
' (O)aen Co
(o)a (o)a
1 1
D(0) = 1
0 0)_.°
(0 (O
1 i 1 -k, T (l)aaq KT 1
d.o=_l__l_-a: l-—e COS Wy Ty —me sinwaTl
r(1) —Ka T —KgT1
8 = ;_l_ (o)aEa. - e cos wyTy | — 1, sin w,Ty
1 ! an Dy,
o L (91a)
K = 8oq,
23 2
(1) 2
0 an
Ao (B
-
and for the rate of change of the angle—of—sattack
' (0)
= < = I.:?O) [do'sin Wy T + dl'cos waT]eRu'T (92)
Thmax
with
|
do = na.d‘o - ‘”adl
, (92a)
d-l = Wgdo + Kgdy
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it has to be noted that these solutions sre valid only in the
interval Tl s T < 0,

Since in practice the wing unit as well as the horizontal tail
stresses are of importance only for T 2 Tis because for T < T1 only

smeller stresses are possible, the equations (91) and (92) are sufficient
for the determinstion of the desired quantitiles.

In figure 32 the horizontal tall loads ag they result for time—
dependent teb deflection and according to the spproximation method described
above are compsred once more.

As a8 conclusion it may be sbated that for the design of tab~controlled
alrplsnes thils calculstion method may be epplied for the determination of
the wing and horizontsl tail loads which 1s much gimpler than that of con—
glderation of the degrees of freedom o and 7.

VI. SUMMARY

Continuilng the theorsetical investigatlions of the filrst partial
report, FB 2000, the present report dlscusses the conditions to be expected
for an alrplane controlled by tebs.

Apart from a compilation of the stability criteria, the influence of
varisble maln-control—surface demping, as well as of varisble mass of the
main snd suxillary ocontrol surfaces, on the frequencies and dampings is
observed.. '

For evalustion of the control effectiveness e camperison is made
between the starting phenomensa for instantaneous and time—dependent tab
end for insgtantaneous and time—dependent main—conbtrol—surface deflection.
The 1ncresse in control—surface effectiveness by Instantaneous tab deflec—
tion compared to time—dependent tab deflection 1s insignificant.

In the representation of the solutions in closed form one has & sgimple
graphical means of observing the variatlon of the angle of abttack for
control displacement and subsequent control restoration, which simultane—
ously represents a measure for the wing stresses.

The most favourable utllizatlion of mabterial for fuselage and hori~—
zontal tail is obviously accomplished when thelr strength ls determined
in relation to that of the wing unlt. For the structural sspects of
fuselage and horlzontal tall the peak values of the horizontal tail
load APH‘_L in control displacement and A'PH2 in control restoration are

decisive; they also are best determined graphically. This method permits
at the same time the envelope of all possible peak values APH2 to be

given,
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The discussion of the amplitude and phase displacement functions for
periodic excitetions of the tabs demonstrates impressively the influence
of varlable main—con‘brol—-surface demping. Since for normal control surfaces

the damping coefficient (1) &171 will, at this roint, due to air forces,

1ie in the order of msgnitude of 0.3< (Lg 81, < 0.5, that 1s, in the

nelghborhood of aperiodically oscillating motions, additional damping
may be foregone. Nevertheless 1t wlll be advisable to avoid periodic
excltations, for ingtance by englne vibrations.*

For preliminary calculation of wing and horizontal tail stresses in
alrplane designing a simpler calculation method than can be used when the
two degrees of freedam o and n are teken into consideration is desirsble.

It is shown that a good approximetion of the wing—unit as well as of
the horizontel tail stresses is obtained when the variation of the main—
control-surface deflection is ideallzed in such a masnner that the varistion
increases linearily up to a maximum deflection and then remsins constant.
The maximm deflectlion veloclty is to be determined from the differential
equation of the n-—coordinate, omlitting all o~berms, and the constant
main—control-surface deflection is to be fixed so that with T—=w equal
multiples of load are obtalned for indirect as well as for dlrect conmbrol—
surface activatlon,

PTranslated by Mary L., Mahler
National Advisory Cammittee:
for Aeronautics
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TABLE T
THEORETTCAL CATCULATIONS OF UNSTEADY FLOW VALDES
[Caloulated for T, = T; = 67.%° ¥]

22 | P e W | P2 By o -mTo—Top|Ta~Ty| W, | P3| B3 Py ~Bplry -,
&g Py ag 20 | P |7Po Do °r) | (%®) ay | Po | Py o °F) |

#0.10 |0.868( -0.880 [1.062(1.149(0.756| 0.112 | 20.9 | 21.3 0,981 '1.147 -0.991; 0.126 | 21.8
AWh5) .816| —.828 |1.089(1.223) .667| .48 | 29.8 | 30.7 |-.9755| 1.216 .989| .1755| 30.0
15 | .808) —.820 (1.09%(1.230] .657| .151 | 3.2 | 2.2 |—.o7k | 1.202| .988| .180 332

, %20 | TS| -.760 [1.127[1.316| 57| .180 | kLA | k3.3 |-.966 | 1.302| .979] .207 | k5.0

288 | J7on| —.703 [1159)1.k0e | W500| 201 | 51.0 | ke |-.o612| 1.380| .968] 066 57.1
.25 698 —.700 [1.161[1.406| k97| .202 51.5 | 5k.6 | ~.961 | 1.384{ .967( .268 | 57.3

.30 | .649| —.6h0 [L.196[1.502( 32| 217 | €1k | 66.2 |~.955 | 1.460] 053] .30k 70.0

Nelues taken from reference 8.
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Figure 7.- Real and imaginary part of the roots p p 28 functions of the main-

control-surface damping parameter for large flying weight Gp gy Of the

airplane type F14.

0.3
Lare-8
g
&
™ w,
0.2+
o/l 4
0 . . r . r
q»\a./ 0.2 0.3 04 0.5 (),
\ \Keo
—0./ 1 \
=y LEY,
= 2
-0.2-

Figure 8.- Real and imaginary part of
control-surface damping parameter

the roots p p 28 functions of the main-

for minimum flying weight Gmin (F1y).



NACA TM 1198

28

8 -rm(P}‘)a

IS
o]
Figure 9. Reai and imaginary parts of the roots P, for variable tab mass
for the airplane type Flg.
031
=
$ -
1)
0.2 4
0,/ -1 /wz
@ T T t T T -
05 / 1.5 2 2.5 3 A, 4
&S ‘
= /o
<0/ -
Figure 10.- Real and jmaginary parts of the roots Py for variable main-
1ane type Flg

control-surface mass for the airp



Ny max

Aot

Q6TT Wl VOVN

C 3

1 - Instantaneous tab deflection

2 - Time~dependent tab deflection

3 - Instantaneous main-control-surface deflection

4 - Time-dependent main~control-surface deflection
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Figure 11.- Comparison of the main-control-surface variation and the variation of the angle of attack for
instantaneous and time-dependent tab deflection and for instantaneous and time-dependent main-control-~
surface deflection, respectively (F14).
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Figure 12.- Obtainable changes in altitude AZg for different deflection
possibilities (Fi1).
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Figure 14.- Superposition of two constant tab deflection phenomena.
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Figure 15.- Control displacement and restoration for instantaneous tab deflection (Fiq).
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Figure 16.- Control displacement and restoration for time-dependent tab deflection (F1 1).
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Figure 17.- Control displacement and restoration for time-dependent main-control-surface deflection (F ).
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Figure 18.- Horizontal tail loads for control displacement and thelr components due to Aa, &, An and Any,
for instantaneous tab deflection (F1).
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Figure 19.~ Horizontal tail loads for control displacement and their components due to Aa, c'!, An and Aqh
for time-dependent tab deflection (F11).
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Figure 20.- Horizonta) tail loads for control displacement and their components due to Aa, &, Ay and Any
for instantaneous main-control-surface deflection (le).
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Figure 21.- Horizontal tail loads for control displacement and their components due to Aa, &, Aq and Aqp
for time-dependent main-control-surface deflection (F2q).
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Figure 22.- Horizontal tail loads for control restoration for instantaneous tab deflection (F1q).
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Figure 23.- Horizontal tail loads for conirol restoration for time-dependent tab deflection (F'15).
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Figure 24,~ Horizontal tail loads for control restoration for instantaneous main-control-surface.
deflection (F14).
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Figure 26.- Amplitude function of the angle of attack due to periodic excitation
of the tab (F17).
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Figure 27.- Amplitude function of the main-control-surface deflection due to
periodic excitation of the tab (F14).
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Figure 28.- Phase-displacement functions of the angle of attack due to periodic
: excitation of the tab (F1,). "
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Figure 29.- Phase-displacement functions of the main-control-surface deflection
due to periodic excitation of the tab (F14).
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Figure 30.- Variation with time of Any, An, Ae and APp for periodic excitation of the tab with a

disturbance frequency a = 0.2 and a main-control-surface damping parameter (1)a1“ =0.15 (F14).
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Figure 31.- Idealized main-control-surface variation Aj.
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